Background
Introduction
Heart failure is an extremely prevalent syndrome in developed and developing countries (Go et al., 2014) . Outcomes associated with heart failure are poor, with patients experience increasing symptoms as the syndrome progresses (Lam and Smeltzer, 2012) . Symptoms are responsible for a decline in functional status, deteriorating health-related quality of life (HRQL), repeated hospitalization, and early demise (Falk et al., 2013 , Murthy and Lipman, 2011 , Song et al., 2010 . A growing body of research demonstrates that self-care by patients can improve these outcomes (Ditewig et al., 2010 , Jones et al., 2012 , Tung et al., 2013 . Self-care involves a process of maintaining physiological stability by monitoring symptoms, adhering to the treatment regimen (self-care maintenance), and promptly identifying and responding to symptoms (self-care management) . Clinicians are challenged by the difficulties associated with engaging patients in self-care (Gardetto, 2011) .
Self-care requires that patients have knowledge and skills, both of which are influenced by cognition . Cognitive impairment is recognized as an issue in 25-50% of adults with heart failure (Dodson et al., 2013 , Gure et al., 2012 , Pressler, 2008 .Most studies investigating the relationship between cognitive impairment and self-care have demonstrated that heart failure patients with cognitive impairment are poor at self-care.For example, Harkness et al.(2013) found that patients with mild cognitive impairment scored significantly lower in self-care management than those without cognitive impairment. Alosco et al. (2012) found that patients with lower (worse) scores on the Mini Mental Status Examination were more likely to fail in medication management, a dimension of self-care. Smeulders and colleagues (2010) found that heart failure patients with better cognitive status benefitted more from a chronic disease self-management programme compared to patients with poorer cognitive function.Only one investigative team found no relationship between cognition and self-care ,although in a subsequent study the same investigators (Cameron et al., 2010) found that heart failure patients with mild cognitive impairment exhibited lower self-care management and self-care confidence than patients without cognitive impairment. Hajduk et al (2013) found no association between overall cognitive status and self-care in heart failure patients, but when they analyzed specific domains, impaired memory was associated with poor self-care while executive function and processing speed were not. This inconsistency suggests that cognition is not a direct predictor of self-care behaviors in patients with heart failure.
Mechanisms or pathways through which cognitive impairment affects self-care are worth clarifying because they may suggest targets for intervention. One potential mechanism is selfefficacy or task-specific confidence, which has been defined as confidence in the ability to perform the various self-care behaviors (e.g. confidence in one's ability to follow a low salt diet) .
The situation specific theory of heart failure self-care Dickson, 2008, Riegel et al., 2015) specifies that self-care maintenance (monitoring of heart failure symptoms and adhering to treatments) influences self-care management (the response of patients to signs and symptoms of a heart failure exacerbation) and that both are influenced by self-care confidence. Therefore, the overall purpose of this study was to test self-care confidenceas mediating the relationship between predictors of self-care and the self-care behaviors of maintenance and management .
To date, few researchers have investigated the role of confidence in influencing self-care behaviors. Cene and colleagues (2013) found that perceived emotional and informational support was associated with better self-care maintenance and possibly better self-care management in a sample of heart failure patients. A similar result was found by Sayler et al (2012) who showed that self-care confidence mediated the relationship between social support and self-care maintenance and between social support and self-care management. In a mixed method study found that patients with lower self-care confidence and impaired cognition had lapses in self-care behaviors and were classified as "inconsistent" while those with higher self-care confidence and better cognition were better in self-care and were classified as "experts". Building on prior studies illustrating thatcognitive impairment and self-care confidence are both predictors of self-care behaviors and building on the situation specific theoryof heart failure self-care that proposes confidence as a mediator of the relationship between self-care behaviours and its predictors, the specific objective of this study was to evaluate whether self-care confidence mediates the relationship between cognition and the self-care behaviors. Specifically we hypothesized that cognition affects self-care maintenance and management only indirectly by its influence on self-care confidence (Figure 1 ).
Methods

Design
A secondary analysis of data from a descriptive, cross-sectional study was performed. The aim of the parent study was to describe self-care and caregiver contributions to self-care in the Italian heart failure population (Cocchieri et al., 2015 .
Sample and setting
In the parent study, 1192 patients were enrolled from39 cardiovascular ambulatory clinics located in 28 different provinces in the North, Center and South of Italy. To be enrolled in the study patients had to meet the following inclusion criteria: 1) being diagnosed withheart failure, regardless of type (i.e. either reduced or preserved ejection fraction),confirmed by the treating cardiologist based on echocardiography and clinical evidence (i.e. signs of heart failurelike edema, and common symptoms of heart failurelike dyspnea)as defined in the international guidelines (Dickstein et al., 2008 , McMurray et al., 2012 ;2) being at least 18 years old; and 3) stable (having not experienced an acute coronary syndrome in the three months prior to enrollment). We excluded from enrollment patients with frank dementia.Data collection was performed between January 2011 and November 2012.For the purpose of this study only patients (n = 628) who had experienced heart failure symptoms (i.e., those reporting ankle swelling or problem breathing in the last month)
were considered for the analysis because the self-care management scale cannot be scored when patients have not experienced symptoms. In the comparison between the subsample considered in this analysis and the full sample, this subsample of symptomatic patients was slightly older (73 vs 71.6 years old, p 0.04), less educated (p< 0.001), with a higher New York Heart Association functional class (p< 0.001), with lower ejection fraction (43.1% vs 46.4%, p <0.001), with more comorbid conditions (Charlson Comorbidity Index score 3.1 vs. 2.6, p< 0.001), and had heart failure for a longer duration (55.8 vs 48.1 months of illness, p < 0.001).
Instruments
Data from the following instruments were used in the analysis.
The Self-Care of Heart Failure Index v.6.2 (SCHFI V.6.2) )is a 22-item instrument, grouped in three scales that measure self-care behaviors and self-efficacy in performing these behaviors. The self-care maintenance scale measures the extent to which patients engage in behaviors aimed at maintaining their physiological stability through monitoring of symptoms (e.g. checking ankle edema) and adhering to treatment (e.g. taking medications). The self-care management scale evaluates the ability of patients to recognize symptoms of a heart failure exacerbation (e.g. weight gain), implement treatment (e.g. limit fluid intake), and evaluate the effectiveness of the interventions tried. The self-care confidence scale measures self-efficacy or task-specific confidence in both self-care maintenance and self-care management. Self-care confidence is theorized to influence self-care, not as a part of self-care per se Dickson, 2008, Riegel et al., 2009 ).
The SCHFI v.6.2 hasbeen shown to have adequate validity and reliability (Barbaranelli et al., 2014 )in a variety of populations, including the Italian population (Vellone et al., 2013) . Each SCHFI v.6.2 scale (maintenance, management and condifence) uses a standardized score from 0 to 100 where higher scores indicate better self-care.A score < 70 on each SCHFI v.6.2 scale is considered inadequate self-care ).
The Mini Mental State Examination (MMSE) (Folstein et al., 1975 )is a 19-item instrument that is widely used to assess global cognitive function. The MMSE assesses orientation to time, orientation to place, attention and calculation, recall of 3 words, language, and visual construction.
Possible scores vary between 0 and 30, with higher score indicating better cognition. Scores ranging from 27 to 30 are considered normal in the general population; scores between 21 and 26 reflect mild cognitive impairment; scores between 10 and 19 are considered moderate impairment; a score below 10 is considered severe impairment (Tombaugh and McIntyre, 1992) . The MMSE has been used extensively in heart failure patients (Caminiti et al., 2012 , Feola et al., 2013 ). Cronbach's alpha of the MMSE was 0.83in this study.
The Charlson Comorbidity Index (CCI) (Charlson et al., 1987 ) is a tool with established validity and reliability designed to measure comorbidity. Quan et al. (2011) updated the CCI into a new versions with 12 items. Each item, which corresponds to a specific disease, can be scored with 1, 2, 3 or 6; higher scores indicate higher comorbidity. The total CCI score ranges form 0 to 24. All patients in this study had a score of at least 2 because this is the score that the updated CCI gives to heart failure.This tool was completed by abstracting data from patient's medical record.
Participants were also queried about their sociodemographic characteristics (e.g. age, gender, education).Clinical information not included in the CCI such as New York Heart Association class, ejection fraction, and illness duration were extracted from the medical record.
Data collection procedure
This study complied with the Declaration of Helsinki. The study was approved by the Institutional Review Board of each cardiovascular center where patients were enrolled. After the research assistants met the participants, they described the study, obtained informed consent, administered the instruments to patients and collected clinical information from their medical record. All research assistants were trained to administer the MMSE in a consistent fashion.
Data Analysis
Sociodemographic and clinical data were analyzed with descriptive statistical procedures (mean, standard deviation, median, interquartile ranges and frequencies). The SCHFI v.6.2 and the MMSE scores were analyzed after computing means and standard deviations. In order to examine the normality of the study variables skeweness and kurtosis were computed. Correlations among the study variables were analyzed with Pearson's r.
Structural equation modeling (Muthén and Muthén, 1998-2012) was conducted to examine the proposed mediation model. Prior to structural equation modeling, in order to avoid a clustering effect due to the cluster structure of our dataset (which included data from 39 cardiovascular ambulatory clinics), intraclass correlations were computed. With clustered data, standard errors and the chi-square fit statistic should be adjusted accordingly, so multilevel structural equation modeling was conducted with MPlus version 7 with the command "TYPE=COMPLEX". This command enables use of an estimation procedurethat includes a Taylor series-like function to provide a normal theory covariance matrix for analysis (Stampleton, 2006) . This procedure produces correct parameters estimates, standard error, and test statistics.
Structural equation modeling is a powerful procedure that allowed us to investigate the mediating role of self-care confidence, which simultaneously acts as a dependent variable with respect to MMSE score and as an independent variable with respect to both self-care maintenance and self-care management (Figure 1 ). Specifically we examined 1) the influence of MMSE on selfcare maintenance through self-care confidence, and 2) the influence on self-care management through self-care confidence and through self-care confidence and self-care maintenance. In order to verify if a significant direct effect of MMSE on both self-care maintenance and self-care management existed, modification indices were examined.
The estimate of each indirect effect was examined 1) by calculating the products of the regression coefficients of the paths from MMSE to self-care confidence and from self-care confidence to self-care maintencance;2) by calculating the product of the regression coefficients of the paths from MMSE to self-care confidence and from self-care confidenceto self-care management; and,finally, 3) by calculating the product of the regression coefficients of the paths from MMSE to self-care confidence, from self-care confidenceto self-care maintenance and from self-care maintenance to self-care management (MacKinnon et al., 2002) .Then, the significance of each indirect effect was examined by computing the bias-corrected bootstrap confidence intervals (MacKinnon, 2008 , MacKinnon et al., 2004 ) based on 5,000 bootstrap replications of the initial sample.Age, gender, education, New York Heart Association functional class, Charlson Comorbidity Indexscore and illness duration (months) were included as covariates for all the study variables.
Based on recommendations for a multifaceted approach to the assessment of the model fit (Hoyle, 1995 , Tanaka, 1993 , several criteria were used to evaluate the fit. These included omnibus fit indices such as the Chi-square (χ 2 ) and incremental fit indices such as the Comparative Fit Index (Bentler and Bonnet, 1980) . The generally agreed-upon critical value for the Comparative Fit Index is 0.90 or higher (Kline, 2011) . In addition, the Root Mean Square Error of Approximation (Steiger, 1990 ) and the Standardized Root Mean Square Residual (Jöreskog and Sörbom, 1993) were used and evaluated using Hu and Bentler's(1999) 
Results
The sample consisted of 628 patients, most (58%) of whom were male. The mean age of the sample was 73 years (SD = 11) and more than half were educated at only an elementary school level. About one half of the patients were married (55%) and most were unemployed or retired (86%). Most (77%) participants were in New York Heart Association functional class II or III with a mean ejection fraction of 43%. The median time since diagnosis was 4 years ( Table 1) .
As shown in Table 2 the mean scores of the SCHFI v.6.2 scales were low considering the cut-off score of 70 as adequate. The mean score on the MMSE was 23, which denotes mild cognitive impairment (Tombaugh and McIntyre, 1992) . All the variables were normally distributed with both skewness and kurtosis ranging from -1 to 1. Results of the correlation analysis showed that all the study variables were significantly correlated with each other but the correlations with self-care confidence were the highest (Table 2 ). Intraclass correlationsranged from .28 to .37 (Table   2 ) suggesting that the variance at each clinic's level accounted at least for 28% of the total variance.
Consequently, a multilevel structural equation modelingwas conducted to test the mediation model. confidence. Specifically MMSE score predicted self-care confidence and, in turn, self-care confidence predicted both self-care maintenance and self-care management. Finally, self-care maintenance predicted self-care management, as proposed in the theory . Figure 2 , the relationship of MMSE with both self-care maintenance and self-care management was totally mediated by self-care confidence. The tested model also illustrated interesting patterns in terms of the covariates. In particular, higher education, lower New York Heart Association functional class and younger age predicted higher MMSE scores; youngerage and female gender predicted higher self-care confidence scores; longer illness duration predicted higher self-care maintenance scores; finally, higher New York Heart Association functional class predicted lower self-care management. Table 3 reports the nonsignificant paths. Specifically, MMSE scores were not significantly influenced by gender, comorbidity or illness duration; self-care confidence was not influenced by education, New York Heart Association class, comorbidity or illness duration; self-care maintenance was not influenced by age, gender, education, New York Heart Association class or comorbidity, although the effect of New York Heart Association class was on the edge (p = 0.05); finally, self-care management was not significantly influenced by age, gender, education, comorbidity or illness duration. The above model explained the 16%, 28% and 38% of variance in self-care confidence, self-care maintenance, and self-care management respectively. Table 4 shows both the specific and total indirect effects. Specifically, as hypothesized, MMSE significantly influenced self-care maintenance (effect n. 1) and self-care management (effect n. 2) indirectly through self-care confidence. As shown in table 4, the specific effect that MMSE had on self-care management was mainly mediated through confidence (indirect effect estimate = 0.14)rather than through self-care confidence and self-care maintenance (indirect effect estimate = 0.02). But the total indirect effect of MMSE onself-care management, both through self-care confidence (effect n. 3 and through self-care confidence and self-care maintenance (effect n. 4) was = 0.16.
So as shown in
Discussion
The aim of this study was to test the mediating role of self-care confidence in the relationship between cognition and self-care maintenance and between cognition and self-care management.
Results of our analysis demonstrate that self-care confidence totally mediated the relation between cognition and self-care maintenance, and between cognition and self-care management. That is, cognition did not havea direct influence on self-care behaviours; its influence occurred through its effecton self-care confidence. These results were significant even after controlling for covariates that are known to affect cognition and self-care. Thus, our hypothesis that cognition influences selfcare maintenance and management only indirectly by its influence on self-care confidence was confirmed.In fact, results of the indirect effects indicate that the influence that MMSE exerts on both self-care maintenance and self-care managementwas totally mediated by self-care confidence.
To our knowledge this is the first study demonstrating the importance of self-care confidence in the relationship between cognition and self-care behaviors. These results might explain why prior studies were inconsistent in finding a significant relationship between cognition and self-care behaviors (Alosco et al., 2012 , Cameron et al., 2010 , Harkness et al., 2013 ).It appears that problems with cognitive functioning decrease patients' confidence in their ability to perform self-care, thereby adversely affecting their self-care behaviors. That is, lack of confidence is an important mechanism by which cognition influences self-care behaviors.For example, there may be situations where confidence is low in spite of adequate cognition and this low confidence may impair the patient's ability to perform self-care. But there also may be situations where confidence is high and, in spite of cognitive impairment, patientsare able to perform adequate self-care.
The results of this study build on the prior mixed methods studyby Dickson and colleagues(2008) , which illustrated that heart failurepatients who were cognitively impaired lacked self-efficacy and were less vigilant about self-care, while patients with better cognition had higher self-efficacy, more self-care skill, and a positive attitude toward the illness.
From a theoretical perspective this study supports the situation-specific theory of heart failureself-care and the proposition specifying self-care confidence as a mediator between predictors of self-care behaviors and self-care behaviors themselves Dickson, 2008, Riegel et al., 2015) . Self-care confidence has been analyzed as mediator in only two other studies, as far as we are aware (Cene et al., 2013 , Salyer et al., 2012 . In both studies, self-care confidence mediated the relationship between social support and self-care behaviors. Together, these results demonstrate the powerful influence of confidence in enhancing self-care behaviors and illustrates the importance of interventions that augment patients' confidence.
Self-care confidence, as it was theorized Dickson, 2008, Riegel et al., 2015) and measured , reflects self-efficacy in specific self-care behaviors (e.g., selfefficacy in managing heart failuresymptoms). Self-efficacy is not a personality trait but a belief that one will be successful in performing specific tasks. Several non-experimental longitudinal studies have shown that self-efficacy is stable and does not change over time in heart failurepopulations , Goodman et al., 2013 , Romppel et al., 2013 . However, with specific interventions, self-efficacy can be improved. In fact, three trials (Flynn et al., 2005 , Pozehl et al., 2010 in which the interventions were based on social cognitive theory have demonstrated that self-efficacy can be improved in heart failurepatients. In these studies the four determinants of self-efficacy defined by Bandura (1995) , performance accomplishments, vicarious experience, verbal persuasion, and emotional arousal, were adapted to heart failurecare and improved self-efficacy. For example, in the study by Pozehl et al (2010) , aimed at improving physical activity in heart failurepatients, performance accomplishment consisted of rewarding and celebrating accomplishments; vicarious experience consisted of role modeling; verbal persuasion was performed by a cardiologist who presented the benefits of physical activity in heart failure; lastly, emotional arousal consisted of educating patients on symptom assessment. Hence, even though social cognitive theory is very broad, its principles seem suitable for HF patients as an approach to improving self-efficacy and consequently self-care behaviors.
One may question if the physical and cognitive burden of heart failure, namely poor functional class and cognitive impairment, can affect self-care confidence. New York Heart Association function class, a covariate in our model, was found to influence cognition and self-care management but not self-care confidence. Because self-care confidence is considered a predictor of self-care behaviors, investigators have paid little attention to finding predictors of self-care confidence. Those investigators who have considered the relationship between New York Heart Association functional class and self-care confidence have found inconsistent results. For example, Riegel and colleague (2009) showed that higher New York Heart Associationclass predicted lower self-efficacy, but Cameron et al (2010) found that New York Heart Associationclass was not a predictor of self-care confidence. Further research is needed to understand this relationship well.
Mild cognitive impairment, which is common inheart failurepatients, clearly affects selfcare confidence, as shown in our model. But one may question the extent to which cognitive impairment impacts self-care confidence and in turn self-care behaviors. In our analysis MMSE score, along with age and gender, explained only the 16% of the variance of self-care confidence. A clinical trial conducted on heart failure patients with mild cognitive impairment (Davis et al., 2012) showed that an intervention based on cognitive training was able to improve patients' knowledge ofheart failurebut neither self-care confidence nor self-care behaviors improved. The authors commented that because self-care confidence is a mediator of self-care behaviors, "self-care behaviours may not improve as a function of increased knowledge, but more as a function of confidence" (p. 1047). In fact, those trials where the approach was based on improving self-care confidence and not only knowledge (Flynn et al., 2005 , Pozehl et al., 2010 were successful in improving self-care behaviors. Also, in other populations where patients were all affected by mild cognitive impairment (Cox et al., 2013) , interventions aimed at improving selfefficacy improved patients' outcomes such as physical activity. Based on the results of our study and others in the literature, it appears that cognitive impairment may affect self-care behaviors in heart failure patients but not as significantly as cognition affects self-care confidence.
Building on social cognitive theory (Bandura, 1995) , we might predict that most variables influencing self-care could be mediated by self-efficacy. So, even when a specific factor decreases self-care, if heart failurepatients believe that the behavior is important for their health (outcome expectation) and feel confident in their ability to perform the behavior (efficacy expectation)-in this case, self-care-they can be successful.
The results of this study have important implications for practice since they suggest that interventions that augment confidence can have an important effect on self-care, even in patients with cognitive impairment. Since few specific treatments for cognitive impairment in heart failure patients have been identified (Pressler et al., 2011) , these results suggest that efforts to improve selfcare confidence may help to improve self-care behaviors in heart failure patients with impaired cognition. Because three trials have already shown that the four determinants of self-efficacy work well for heart failure patients, examples of practical approaches might be the following. 1) Focus on performance accomplishments: patients can be educated by doing, letting them acquire specific skills such as how to record their daily weights. Also, rewardpatients for even minimal success in adhering to self-care behaviors; 2) Vicarious experience are important: Consider introducing patients to other patients who have mastered self-care, especially at the beginning of the illness,; 3) Verbal persuasion is effective: Tell patients that they have the capability to care for themselves and emphasize that they can trust themselves as they become experts in self-care; 4) For emotional arousal, provide emotional support to patients and encourage families to be supportive.
This study has a number of limitations. The most important is that we measured global cognition using a screening test (Riley and Arslanian-Engoren, 2013 )and did not measure specific cognitive functions such as memory, working memory, psychomotor speed, reasoning, executive function as others have done (Alosco et al., 2012 , Riegel et al., 2012 . However this was a first study exploring how self-efficacy influences the relationship between cognition and self-care behaviors. Thus, these results suggest a direction for future research. Another limitation was the cross-sectional design using a convenience sample that was symptomatic in the past month. Thus, the results can be generalized only to patients who were recently symptomatic. Also, this Italian sample had a significantly lower level of formal education than found in most published studies of heart failure patients so results of this study should be generalized with caution. We were not able to consider anxiety and depression because these variables were not collected. Anxiety and depression mayaffect self-efficacy and self-care behaviors (Clark et al., 2014 , Maeda et al., 2013 , so these variables should be measured in future studies.
Authors of a recent literature review (Riley and Arslanian-Engoren, 2013) commented that research on the relationship between cognition and heart failure self-care is still insufficient. In particular there is a need to explore the relationship between memory, executive function, decision making and self-care decision making. Future studies should analyze the effect of self-care confidence in influencing these cognitive functions. Research identifying other predictors of selfefficacy in heart failure patients is needed as well. Correlation Ciefficient; 1 = Self-Care Maintenance; 2 = Self-Care Management; 3 = Self-Care
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